**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live'' 



IS 11960 (1987): Methods for metallographic determination 
of apparent porosity and uncombined carbon in hardmetals 
[MTD 25: Powder Metallurgical Materials and Products] 




Jawaharlal Nehru 
'Step Out From the Old to the New" 



aj^&vi iJii^s:y%K^ isb^^ni^seg 



:<>5&i| mT'5K^5?::5:^>^i»l 



K^^^iXSVCd^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
''Knowledge is such a treasure which cannot be stolen" 




^'^^^r 



k 




BLANK PAGE 



^*-^^^ 





PROTECTED BY COPYRIGHT 



IS:119B0-19S7 

( Reaffirmed 2002 ) 

Indiofi Standard 



METHOD FOR 

METALLOGRAPHIC DETERMINATION OF 

APPARENT POROSITY AND UNCOMBINED 

CARBON IN HARD METALS 



UDC «€^ 0]« 2^ 1 620 IB 1 53Q SI7 I + 543 fl4£ 



BUREAU OF INDIAN STANDARDS 
MANAii BH^VaN, ^ BAHADUR SHAH ZAFAR MARG 
NEW DELHI LICO02 

Gr 4 I^itmry ISfid 



18:11960-1987 



Indian Standard 



METHOD FOR 

METALLOGRAPHIC DETERMINATION OF 

APPARENT POROSITY AND UNCOMBINED 

CARBON IN HARD METALS 



Representing 
Bhabha Atomic Research Centre, Bombay 



Powder Metallurgical Materials and Products Sectional Committee, SMDC 30 
Chairman 

Da R. VlJAYARAQHAVAN 

Members 

Shri V. G. Datb ( Alternate to 
Dr R. Vijayaraghavan ) 

SHBI S. L. N. ACHABYULXr 

Shri N. Maitba ( Alternate ) 
Shri S. K. Basu 

Shri R. Banerjbe ( Alternate ) 
Dr R. D. Bhaboava 

Shri Akoop Saxena ( Alternate ) 
Shri P. G. Bhatt 

Shri B. G. Bhatt ( Alternate ) 
Shri P, K. Das 

Shri A. Gaxttam ( Alternate ) 
Shri N. T. George 

Shri Anup Chandra ( Alternate ) 

SHRIT. R. Gt7PTA 

Shri K, C, Mittal ( Alternate ) 
Shri B. M. Kataria 
Shri K. Kbsavan 
Shri G. M. Rajhans 

Shri K. Ramesh ( Alternate ) 
Shri T. Ramasubbamanian 



Shri Y. H. Raxtt ( Alternate ) 
Repbeseittativk 

Representative 
Dr N. R. San JAN a 

Dr R. M. Pabdeshi ( Alternate ) 
Shri Anil R. Shah 

Shbi B, H. Shetty ( Alternate ) 
Shri M. J. Shahani 

Shri J. P. Tiwari ( Alternate ) 
Shri D. P. Shabma 

Shri O, P. Gupta ( Alternate ) 
Shri S. Sharma 
Shri R. SriNivasan 

Shri K. Sadanand ( Alternate ) 
Shbi R. SbinivasaK 

Shbi P. V. Vasttdevarao ( Alternate ) 
ShriV, K.Jain, 
Director ( Struc & Met ) 



Ministry of Defence (R&D) 

Indian Oxygen Ltd, Calcutta 

Assotex Engineering Industries Ltd, Bonabay 

Flexicons Ltd, Bombay 

Ministry of Defence ( DGI ) 

Powder Metallurgy Association of India, Hyderabad 

India Hard Metals Ltd, Calcutta 

Mahindra Sintered Products Ltd, Pune 
Metal Powder Co Ltd, Thirumangalam 
Mishra Dhatu Nigam Ltd, Hyderabad 

Directorate General of Technical Development, 
New Delhi 

Small Scale Metal Powder Manufacturing Association, 

Bombay 
Larsen & Toubro Ltd, Bombay 
Sandvik Asia Ltd, Pune 

Khosla Metal Powders Pvt Ltd, Pune 

National Metallurgical Laboratory ( CSIR ),Jamshedpur 

Ministry of Defence ( DGOF ) 

Bharat Heavy Electrical Ltd, Hyderabad 
Widia ( India ) Ltd, Bangalore 

Central Electro-Chemical Research Institute, Karaikudi 

Director General, BIS ( Ex-officio Member) 



Secretary 
Shri Jaqmohan Singh 
Deputy Director ( Metals ), BIS 



© Copyright 1989 

BUREAU OF INDIAN STANDARDS 

This publication is protected under the Indian Copyright Act ( XI V of 1957 ) and reproduction in whole or in 

part by any means except with written permission of the publisher shall be deemed to be an infringement of 

copyright under the said Act. 



IS t 11966 - 1987 



Indian Standard 



METHOD FOR 

METALLOGRAPHIC DETERMINATION OF 

APPARENT POROSITY AND UNCOMBINED 

CARBON IN HARD METALS 



0. FOREWORD 



0.1 This Indian Standard was adopted by the 
Indian Standards Institution on 20 February 1987, 
after the draft finalized by the Powder Metallur- 
gical Materials and Products Sectional Committee 
had been approved by the Structural and Metals 
Division Council. 

0.2 With the increasing use of hardmetals, a need has 
been felt for having standards on the metallographic 
examination. This standard is one of the series on 
the subject. It is hoped that the formulation of this 
standard will be of considerable use to the industry. 
0,3 In the preparation of this standard, assistance 
has been derived from the following standards: 



1. SCOPE 

1.1 This standard specifies the procedure for the 
metallographic determination of the presence, type 
and distribution of porosity and uncombined car- 
bon in hardmetals. 

2. APPARATUS 

2.1 Metallographic Microscope — or other 
suitable equipment permitting observations and 
measurements up to a magnification of 200 X . 

2.2 Equipment — for the metallographic prepara- 
tion of test specimens. 

3. SPECIMEN PREPARATION 

3.1 The specimen shall be selected and prepared 
for metallographic examination as per IS : 11520- 
1985*. 

3.2 The surface to be examined shall be unetched 
and free from grinding and polishing marks. Care 
shall be taken to avoid tearing out of particles, 
which may lead to a wrong evaluation of porosity. 

4. PROCEDURE 

4.0 Pore size is defined as the maximum dimension 
of the pore in the section. Special reference shall be 
made to the presence of cracks or slits. 



ISO 4505-1978 Hardmetals — Metallographic 
determination of porosity and uncombin- 
ed carbon. International Organization 
for Standardization ( ISO ). 

ASTM B 276-79 Test method for apparent 
porosity in cemented carbides. American 
Society of Testing and Materials. 

0.4 In reporting the result of a test made in 
accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall 
be done in accordance with IS : 2-1960*. 



*Rules for rounding off numerical values ( revised). 



•Method for metallographic 
hardmetals. 



sample preparation of 



4.1 Pore up to 10 jxm shall be assessed by scanning 
the surface of the test piece section at a magnifica- 
tion of either 100 or 200 x. An area fully 
representative of the test piece section shall be 
examined and compared with the range of photo- 
micrographs shown in Fig. 1 or 2, according to the 
chosen magnification. The porosity level shall be 
reported by reference to the appropriate photo- 
micrograph and designated as A02, A04, A06 
or A08. 

4.2 Pores within the range 10 to 25 jxra shall be 
assessed by scanning the surface of the test piece 
section at a magnification of 100 x . An area fully 
representative of the test piece section shall be 
examined and shall be compared with the range of 
photomicrographs shown in Fig. 3. The porosity 
level shall be reported by reference to the appropri- 
ate photomicrograph and designated as B02, B04, 
B06 or BOS. 

4.3 If it is necessary to inspect for pores larger than 
25 fxm, they shall be examined at a suitable magni- 
fication up to 100 X and shall be counted and 
reported as the number of pores per unit area. The 
size ranges shall be chosen as follows: 25 to 75 ^wm, 
75 to 125 /xm, over 125 /um. 

4.4 Uncombined carbon shall be assessed by scann- 
ing the surface of the test-piece section at a magni- 
fication of 100 X- An area fully representative of 
the test piece section shall be examined and shall be 
compared with the range of photomicrographs 
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shov/n in Fig. 4. The level of uncombined carbon example as top, bottom, edge, rim ( case ), core, etc 

shall be reported by reference to the appropriate 

photomicrographs and designated as G02, C04, 5. TEST REPORT 

"C06 or COS. ^ , ^, !_ M . , ^ !_ ^ ,t . 

5.1 The test reports shall mclude the folio wmg 

4.5 If A or B type porosity or G type uncombined information: 

^^J^;^^''j^}jP'^^^^^^^ ^« AOO, ^^ Reference to this standard, 

BOO or COO as applicable. ^ 

b) Complete identification of the test specimen, 

4.6 If the porosity or uncombined carbon is not x t., . , . .^ , ^^ , 
.r. _ ^ ,r, ' - c ^-u ^ J. ' *• c) The results obtamed, and 

uniform oyer the area of the test piece section . 

being examined, the locations on the section to d) Details of any occurrence which may have 

which the evaluation refers must be identified, for affected the result. 
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A02 0,02% (vol.) 



A04 0,06% (vol. 





A06 0,2% (vol.) 



A08 0,6% (vol.) 



FIGURE 1 - Type A 4>parent porosity (X 100) 
( This figure is reproduced from ISO 4505 ) 
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A02 0,02% (vol.) 



A04 0,06% (vol.) 
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A06 0,2% (vol.) 



A08 0,6% (vol.) 
FIGURE 2-Ty|MA«ppartntpoitMity (X 200) 

( This figure is reproduced from ISO 4505 ) 
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B02 0,02% (vol.) 

(140 pores/cm2) 



BG4 0,06% (vol.) 

(430 pores/cm2) 
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B06 0,2% (vol.) 

(1 300pores/cm2) 



808 0,6% (vol.) 

(4 000pores/cm2) 



FIGURE 3 - Type B apparent porosity (X 100) 

( This figure is reproduced from ISO 4505 ) 
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FIGURE 4 - UncombtiMd carbon <X 100) 

( This figure is reproduced from ISO 4505 ) 
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